industrial applications must be entirely tested after its manufacturing in order to assure its security and reliability by means of a full power running test of several hours of duration. Nowadays this test is done with a dissipative load which implies a large waste of energy. This paper proposes a new high efficiency test system for induction heating generators. It incorporates a regenerative electronic load which allows an extraordinary improvement of the efficiency of this test with an important economical and ecological benefit.
Introduction
Power electronics systems used like power supplies in induction heating applications are inverter circuits, usually called "generators", with sinusoidal waveform output of frequency in the range of 500 Hz to 500 kHz depending on the application. The output power of these generators can vary, also depending of the application, from several kilowatts to tens of megawatts [1] . Generators must be tested during several hours in the final phase of its manufacturing process in order to assure its security and reliability.
The output power of an induction heating generator is transmitted (induced) to any metallic part which is in the proximity of the heating inductor. This induced energy produces the heating of the part's surface in a fast and controlled way. This heating effect is used in several industrial applications of special industry like fusion, forging, hardening, etc. [2] Fig . 1 shows the schematic diagram of a classical running test of an induction heating generator. During the tests of the heating installation the whole output power is dissipated. Liquid fluid cooled loads are normally used in order to prevent an excessive rise of the temperature. This allows to transfer the power delivered to the load to the cooling fluid which usually flows in closed circuit. If his fluid is water the following expression is fulfilled: [3] 1 1
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where P P is the dissipated power expressed in watts (W), Q 1 is the water flow expressed in liters by minute (l/min) and ∆T 1 is the increase of the water temperature during the refrigeration of the load. An adequate external heat exchanger system allows maintaining temperature of the input cooling water.
The process described in the previous paragraph has zero energy efficiency and a maximum economical cost because all the energy is lost (dissipated in heat form). Additionally, this cost must be incremented by the power consumed by the closed circuit water pumps, the heat exchanger and the cooling tower. On the other hand, there is an ecological damage due to high consumption of water.
An equivalent circuit of the heating inductor and the dissipative load can be the series connection of an inductance L with a value equal to the heating inductor reactive impedance and a resistance R eq value whose corresponds to the resistive losses of the circuit (inductor resistance, connections and dissipative load). This resistance originates the dissipation by Joule effect (i L 2 R eq ) of the power delivery by the induction heating generator. Fig. 2 shows a new test configuration which allows an extraordinary improvement of the efficiency of this test with an important economical and ecological benefit. In this case the heating inductor does not have any dissipative load inside and there is a new converter which is connected in series. This new device acts like a regenerative electronic load because it simulates a resistive impedance which absorbs the power induced by the heating inductor and delivers the most part of this energy to the mains, improving in this way the overall efficiency of the test [4] . Now the cooling magnitudes Q 2 and ∆T 2 are used only to evacuate the losses of the regenerative electronic load which are much smaller than the one present in the classic test configuration. Fig. 3 shows the general block diagram of the induction heating test configuration using the proposed solution. The input of the regenerative electronic load (1) is connected to the output (4) of the induction heating generator under test (2) and the output (7) is connected to the mains (3) to where the most part of the output power of the generator is returned during the test. The regenerative electronic load is constituted by an input converter (5) that matches the voltage and current delivered by the generator under test, an output converter (6) that is connected to the mains to return the power and a controller block (8) which manages the input and output information in order to assure the configuration, instrumentation and communication processes (9). The simplified schematic of the prototype of the regenerative electronic load is shown in Fig. 4 . The series connection with the heating inductor is made using a matching transformer (1), a non controlled rectifier bridge (2) and a boost converter (3) which transforms the ac current at the output of the induction heating generator into continuous voltage [5] that is regulated by means of the control circuit (8). A three-phase full bridge inverter (4) and an output transformer (5) are used in order to return the power to the mains (6). The switching sequence of the inverter transistors is made by means the control circuit (7). 
System configuration

Experimental results
A regenerative electronic load will be made in order to make the running test of an induction heating generator of 100 kW of output power connected to the 400 V, 50 Hz three-phase utility power system used in Europe. The output frequency of the generator was approximately 10 kHz. The regenerative electronic load has an input boost converter with low switching losses IGBT transistors working at a frequency of 50 kHz. The output inverter stage has also IGBT transistors working at 5 kHz switching frequency. The input transformer is made with water cooled copper tube and with ferrite core. The air cooled output transformer and output filter were designed in order to get a total harmonic distortion less than 1%. The predicted efficiency of the whole circuit is larger than 80% when the output power is larger than 50% of the maximum value. Simulation tests were made in order to carry out the comparison between the classic test configuration and the proposed solution. An important saving of energy, money and cooling water was verified. Table 1 shows these results. In future versions of this paper we will give more details about the experimental method, test conditions, photographies, experimental waveforms, etc.
Conclusions
The made tests have demonstrated the viability of the proposed solution. The system described in this paper is patented by the authors [4] . New investigations will be made in order to get the design of alternative topologies of the input converter of the regenerative electronic load with the aim of to obtain improvements of operation and to increase the versatility and the controllability of the system.
